The nucleosome core, consisting of DNA wrapped around an octamer of histone proteins, provides a significant barrier to transcription by RNA polymerase II. Although this barrier prevents transcription from starting in unsuitable locations, it also poses a problem-when transcription is required, what allows RNA polymerase II to pass through a chromatin template? One solution is provided by ATP-dependent chromatin-remodeling complexes that assist the passage of polymerase through nucleosomes (Carey et al., 2006) . However, hints have suggested that in certain situations nucleosomes might be removed altogether, enabling unrestricted access of polymerase to sequences that must be transcribed rapidly (Zhao et al., 2005) . In this issue, Petesch and Lis (2008) report that nucleosomes are rapidly lost at heat shock loci in the fruit fly Drosophila and that this removal is prior to and independent of transcription by RNA polymerase II.
Heat shock leads to visible changes in the heat shock loci on polytene chromosomes of Drosophila, termed "puffing." Unlike neighboring regions of polytene chromosomes that are densely packed, chromosome puffs have a diffuse appearance. Puffing is indicative of changes in chromatin structure, as nuclease hypersensitivity assays showed that extended heat shock results in disruption of nucleosomes along the coding region of Hsp70 (Wu et al., 1979) . However, puffing can be separated from transcription because certain chemical agents can induce puffing independently of transcription (Winegarden et al., 1996) . Furthermore, the response of the yeast HSP82 gene to activation by heat shock involves a rapid loss of histone-DNA contacts that is at least partially independent of the TATA box, indicating transcription by RNA polymerase II might not be required for this nucleosome loss (Zhao et al., 2005) .
Despite these findings, it has been unclear just how much the transcriptionindependent induction of heat shock puffs represents changes in chromatin structure. In their current work, Petesch and Lis show that nucleosomes are lost across the entire Hsp70 locus within 30 s of heat shock activation. This loss proceeds so rapidly that it occurs before RNA polymerase II even has a chance to reach the end of the Hsp70 gene. Nucleosome loss extends across adjacent genes, halting only at the scs and scs′ boundary elements (Figure 1 ). This initial nucleosome loss is followed by a second wave of disruption after polymerase clears the remaining nucleosomes as it moves along the Hsp70 gene. Strikingly, the initial nucleosome disruption is independent of transcription: Nucleosome loss can be decoupled from transcription with the same chemical agents that induce puffing (but not transcription) of heat shock loci. Moreover, direct inhibition of transcription with a nucleotide analog that prevents elongation but not initiation does not prevent this initial wave of nucleosome loss. Furthermore, although this initial loss is required for optimal transcription of the Hsp70 gene, it is not sufficient to induce expression of adjacent genes that lie within the boundaries of the heat shock puff region.
What factors are required for this initial, transcription-independent nucleosome disruption? Three proteins appear to have a critical role in this process: heat shock factor (HSF), GAGA factor (GAF; Trithorax-like), and poly(ADP)-ribose polymerase (PARP). Notably, all three of these have been shown previously to be critical for puff formation after heat shock. Heat Heat shock loci in the polytene chromosomes of the fruit fly Drosophila undergo a characteristic change in appearance that coincides with the onset of gene expression. Petesch and Lis (2008) now show that nucleosomes are lost across the entire Hsp70 locus in an initial wave that precedes transcription by RNA polymerase II.
shock activation induces binding of HSF to sites within the heat shock gene promoters, at which GAF is already present (reviewed in Lis, 2007) . PARP is localized to many sites along polytene chromosomes but only catalyzes formation of ADP-ribose polymers from donor NAD + at the heat shock loci after induction by heat shock (Tulin and Spradling, 2003) . Petesch and Lis show that inhibitors of PARP activity block the initial wave of nucleosome loss. It is known that levels of these ADP-ribose polymers fall during recovery from heat shock (Tulin and Spradling, 2003) . This finding suggests that the generation of ADP-ribose polymers is critical both for the nucleosome loss upon heat shock induction and for puff formation. How might this mechanism work? PARP-1 binds to nucleosomes, generating a structure similar to that caused by the binding of the linker histone H1, which represses RNA polymerase II transcription (Kim et al., 2004) . In the presence of NAD + , PARP-1 ADP-ribosylates itself, in a manner stimulated by nucleosomes, promoting its release from chromatin. The ADP-ribosylation of PARP-1 could be reversed in flies by the activity of poly(ADP-ribose) glycohydrolase (PARG) (Tulin et al., 2006) . The authors speculate that the ADP-ribose polymers generated by PARP, which look much like a nucleic acid, might bind to histones, facilitating nucleosome dissociation. This is an attractive hypothesis and suggests that PARG might be involved in the reassembly of nucleosomes after recovery from heat shock activation. It is intriguing to speculate about whether histone transfer to these ADP-ribose polymers might occur directly or whether this process would require a histone chaperone. Neither the HIRA nor Asf1 histone chaperones are required for the initial loss of nucleosomes observed at the Hsp70 locus in this study. However, this does not preclude the possibility that additional nucleosomeinteracting proteins might facilitate a potential exchange. The high levels of PARP activity observed at other regions that form chromosomal puffs upon exposure to the hormone ecdysone in Drosophila begs the question of whether PARP activation might act as a general mechanism for inducing nucleosome loss and puff formation prior to transcription elongation. Furthermore, how is PARP activity stimulated upon heat shock, converting it from a repressor into an activator? Is activation mediated by HSF, or is the opposite true: Does PARP activate HSF binding to DNA, similar to its effect on the transcription factor NF-κB (Chang and Alvarez-Gonzalez, 2001)? Prior to heat shock activation, RNA polymerase II and GAF are bound at the Hsp70 locus, together with the negative elongation factor (NELF). Immediately after heat shock, heat shock factor (HSF) and poly(ADP)-ribose polymerase (PARP), in conjunction with GAF, stimulate removal of nucleosomes within the region flanked by the scs and scs′ boundary elements. Nucleosome removal proceeds from the 5′ end of the Hsp70 genes outward, ahead of polymerase passage, until it reaches the scs and scs′ boundary elements. A second wave of nucleosome removal occurs when polymerase transcribes through the Hsp70 genes. Loss of nucleosomes from the entire Hsp70 locus is completed within 2 min after heat shock activation. Despite the presence of RNA polymerase II at the promoters of the CG31211 and CG3281 genes within the 87A heat shock locus, the loss of nucleosomes after heat shock activation does not result in transcription of these genes.
The results presented in this study indicate that the initial round of nucleosome loss is required but is not sufficient for full transcriptional activation at Hsp70. Thus, it is clear that factors that block transcription elongation, such as negative elongation factor (NELF) and the regulation of RNA polymerase pausing at heat shock genes, still have a critical role in heat shock gene activation. However, this study provides a framework with which to consider nucleosome loss across the open reading frame as a cue that provides the initial impetus for high levels of transcription by RNA polymerase II. Although it is generally considered that this type of mechanism may only be used by genes that are highly transcribed and rapidly induced, it will be interesting to determine how widely PARP and GAF are required for gene activation, as well as whether nucleosome loss prior to transcription may be a feature of other genes, especially those regulated by pausing of RNA polymerase II.
Beyond its well known role in regulating cell proliferation, growth factor signaling can also induce cell migration, including the morphogen-directed migration of cells during development (Jekely et al., 2005) . Such signaling is modulated by the internalization of activated growth factor receptor tyrosine kinases (RTKs) from the cell surface, a process that has been linked to membrane ruffling after activation of the Rho family GTPase Rac. Rac is a downstream target of RTK signaling and a key coordinator of the actin assembly required for cell motility. In this issue, Palamidessi et al. (2008) suggest that RTK-mediated Rac activation could lead to directed cell motility through vesicular transport that controls the movement of active Rac between the plasma membrane and early endosomal vesicles. They further propose that to maintain active Rac in a spatially restricted manner, the cell regulates Rac by an endosomal recycling pathway involving the small GTPase Rab5 and a Rac guanine nucleotide exchange factor (RacGEF), Tiam1. This study sheds new light on how we think about the spatial restriction of Rac activation and hence directed cell migration.
Rac is active when bound to GTP and inactive when the GTP is hydrolyzed to GDP. These states are tightly regulated by two interdependent cycles. Guanine nucleotide exchange factors (GEFs) activate Rac by catalyzing the loading of GTP, whereas GTPase-activating proteins (GAPs) inactivate the enzyme by promoting GTP hydrolysis. The association of Rac with membranes is reversible and is regulated by its interaction with guanyl dissociation inhibitors (GDIs). When GDI binds to Rac, it blocks Rac activation and association with membranes; activated Rac dissociates from the GDI complex and becomes targeted to the plasma membrane. When Rac is activated through GEF activity, it induces sheet-like membrane protrusions at the cell periphery that are termed lamellipodia. Under certain conditions in a subset of cell types, RTK and Rac activation induces circular dorsal ruffles (CDRs), lamellipodia-like membrane protrusions in a circular pattern on the dorsal surface of the cell (Figure 1, inset) . Within minutes after RTK activation, CDRs form and contract into the cell, selectively taking the RTK with them and leading to largescale downregulation of RTKs (Orth et al., 2006) . The interplay between different modes of RTK internalization such as that mediated by CDRs and clathrinmediated endocytosis influences spatial as well as temporal aspects of cell motility driven by growth factor signaling.
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